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ABSTRACT
Introduction. Surface electromyography (SEMG) is described as a technique to detect
voluntary muscle activity. In the respiratory muscles, diaphragm and the rectus abdomi-
nis—are especially important for respiratory compliance.
Objective. We sought to study the activity of muscles using SEMG of the right
diaphragm and the right rectus abdominis in healthy subjects versus liver disease patients
(LDS).
Method. Each group of 30 male patients underwent SEMG with electrodes attached to
the dermis surface at the xiphoid and below the right costal margin (channel 1). For the
rectus abdominis, we placed the electrodes on the right 5 cm below the umbilicus. The
variables studied were: root mean square (RMS), maximum inspiratory pressure (MIP),
and maximum expiratory pressure (MEP). We also evaluated age, weight, body mass
index, smoking history lifestyle sedentary preexistent chronic lung disease. Nonparametric
tests were used for statistical analysis.
Results. There were significant differences (P  0001) between the groups regarding
MEP and MIP values showing low pressures in the LDS group. RMS of the rectus
abdominis showed a trend (P  .059) toward compliance in the LDS group. Compared
with the healthy subjects, there were 18% versus 5% sedentary individuals; only 10%
versus 27.3% were smokers or former smokers and chronic lung disease was present in 2%
versus 4%.
Conclusion. The respiratory muscle evaluation using SEMG detected decreased respi-
ratory muscle strength and a trend to rectus abdominis compliance among LDS.
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lSURFACE ELECTROMYOGRAPHY (SEMG) is amethod to examine noninvasively the electrical poten-
tial of the voluntary muscles. SEMG evaluates the degree
and duration of muscle activity and changes with training
specific to the skeletal muscle.1 The root mean square
(RMS) has been used to quantify the electromyography
signal.2,3
Increased intra-abdominal pressure due to ascites and or
a pleural effusion raise intrathoracic pressure compressing
the lungs, damaging the ventilation/perfusion relations and
changing respiratory mechanics thus decreasing chest com-
pliance.4 Liver disease subjects (LDS) on the waiting list for
ransplantation may display muscle atrophy due to disease
nd malnutrition affecting the basic activities of daily life
nd consequently cardiopulmonary performances.
Detecting muscle atrophy may minimize postoperative
ulmonary complications.
© 2011 by Elsevier Inc. All rights reserved.
360 Park Avenue South, New York, NY 10010-1710
Transplantation Proceedings, 43, 1325–1326 (2011)METHODS
This is clinical, prospective trial included 60 male patients, aged 18
to 70 years divided in two groups: healthy subjects (HS) and LDS.
We excluded individuals with a history of intense muscular activity
of the upper limbs; refractory ascites5; presence of active upper
irway infection or spontaneous bacterial peritonitis; the presence
f an abdominal or thoracic incision or respiratory infections.
We analyzed the following data: age (years), weight (kg), body mass
ndex (BMI; kg/m2), smoking history, sedentary lifestyle, or chronic
ung disease. Maximal inspiratory pressure (MIP) and maximal expi-
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1326 OLIVEIRA DA SILVA, MATURI, AND BOINratory pressure (MEP)—measured in cm H2O—were obtained using
a mechanical manovacuometer (300/300 mark Ger-air; SP, Brazil),
with subjects lying at plus or minus 45 degrees. The results were
compared with normal values of 90 to 130 cm H2O for men.
The electrical muscle activity was performed using the EMG
ystem (Ltda Brazil series 00405 Model 210C 9), with subjects lying
t plus or minus 45 degrees using self-adhesive electrodes (3M
razil, SP-Brazil) attached to the body to decrease the friction that
ould change the measurements.
SEMG was performed with electrodes on the dermis surface at
he xiphoid and below the right costal margin (15 cm away 
iaphragm evaluation; channel 1). To assess the rectus abdominis,
lectrodes were placed on the right side of the umbilicus and
nother 5 cm below this point (channel 2).6 The earth electrode
as placed on the upper right hand (30 cm from channel 1 and 2).
he recording of electrical activity was 10 seconds with subjects
reathing lightly and making a forced breath every 3 seconds, with
frequency of 500 Hz and amplitude sensitivity signal of 500 uV to
he diaphragm and a frequency of 300 Hz and amplitude sensitivity
ignal of 300 uV to the rectus abdominis. The measured electronic
ircuit was evaluated on a notebook computer (Intelbras I21; SP,
razil) with the recorded numbers representing the RMS. All
atients signed the a consent form approved by our Research
thics Committee (CEP No. 922/2009).
For statistical analysis we used the SPSS 12.0 program for
indows (IBM, New York, USA) with a significance level of P 
05. Student t test and Person’s correlation analyses were applied
for group comparisons.
RESULTS
The descriptive results from the two groups are shown in
Table 1. We observed that the HS versus LDS showed 18%
versus 5% sedentary; 10% versus 27.3% smokers or former
smokers; and chronic lung disease in 2% versus 4%. The
HIP and HEP were significantly reduced among LDS.
DISCUSSION
We demonstrated the samples to show similar average
values with respect to age, weight, and BMI demonstrating
their homogeneity. However the average values were sig-
nificantly different for MIP and MEP, confirming the
expectation that muscle strength was different with LDS
showing respiratory muscle force reduction (P  .0001).
Table 1. Comparison of HS and LDS on a Transplant
Waiting List
HS (n  30) LDS (n  30) P
Age (y) 32.60  10.6 55.60  6.50 NS
eight (kg) 80.36  12.45 82.94  17.93 NS
MI (kg/m2) 26.06  3.03 28.30  5.85 NS
MS rectus
abdominis (V)
26.21  22.59 53.37  73.57 .059
MS diaphragm (V) 49.39  17.88 56.56  34.64 NS
IP (cm H2O) 135.00  33.49 90.33  37.85 .0001
EP (cm H2O) 132.00  36.26 89.96  23.75 .0001
Results are means and standard deviations.
HS, healthy subjects; LDS, liver disease subjects; BMI, body mass index;RMS, root mean square; MIP, maximum inspiratory pressure; MEP, maximum
expiratory pressure; BMI, body mass index; NS, not significant.ung volumes are known to be decreased by tense ascies.
nspiratory muscle force can be normal or reduced in
irrhotic patients.3
SEMG is a method that evaluates muscle activity, de-
pending on the musculature and the position of the elec-
trodes.7 The RMS of the rectus abdominis muscle in the
LDS group showed a trend towards greater compliance
than among the HS group (P  .059), but we did not
observe this difference when comparing diaphragmatic
RMS, a finding that may be due to the small sample size.
Differences have already been observed in muscle activity,
such as between surface and longer muscles and between
adynamic muscles.7 This method of assessment of muscle
ctivity together with strength can reveal deficits especially
mong patients who may experience complications after
iver transplantation surgery.8
However, some authors observed that the median fre-
quency in striated muscles, including the respiratory mus-
cles, can remain stable or even decrease across force
levels.9,10 Therefore, SEMG should be studied in respira-
tory muscles as a means to evaluate deficits, especially
among patients on liver transplantation waiting lists seeking
to predict future postoperative pulmonary complications,
allowing physicians to institute procedures to increase
muscle strength.
In conclusion, this respiratory evaluation compared pa-
tients experiencing liver disease with normal subjects show-
ing decreased respiratory muscle strength with a trend to
rectus abdominis compliance. SEMG can be a strategy to
detect respiratory muscle problems in preoperative patients
on the transplant waiting list.
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